Introduction {#S0001}
============

As one of the most prevalent health-threatening malignant tumors globally, gastric cancer is the third most fatal type of cancer in China.[@CIT0001] Radical gastrectomy still remains the dominant option for medical fit patients without distant metastasis. Although there have been considerable improvements in the management of gastric cancer, prognosis still remains unsatisfactory.[@CIT0002] The generally accepted classification for gastric cancer patients is the tumor, lymph node, metastasis (TNM) category. However, it appears to be inadequate in the era of precision medicine.[@CIT0003]

In recent years, numerous studies have been carried out to explore possible prognostic factors for gastric cancer with promising results,[@CIT0004]--[@CIT0007] among which albumin and globulin have aroused much interest for ease of detection before surgery. Albumin reflects nutrition status of patients, and a previous meta-analysis has demonstrated that low serum albumin is related to poor outcomes for gastrointestinal tract tumors.[@CIT0008] Globulin plays a crucial role in inflammation and immunity, and elevated serum globulin is reported to be associated with poor outcomes in ovarian and prostate cancers.[@CIT0009],[@CIT0010] However, the results remain inconsistent in gastric cancer.[@CIT0007] Moreover, the albumin/globulin ratio (AGR) is supposed to be a novel predictive factor in gastric cancer.

Therefore, this study seeks to explore the predictive role of preoperative serum albumin, globulin as well as AGR in gastric cancer patients.

Materials And Methods {#S0002}
=====================

Patients {#S0002-S2001}
--------

The study was conducted in the Xijing Hospital of Digestive Diseases affiliated to the Fourth Military Medical university. A total of 3266 gastric cancer patients were studied who received curative resection from September 2008 to April 2015. All patients met the following criteria: 1) diagnosed as gastric cancer; 2) without distant metastasis; 3) did not receive neoadjuvant chemoradiotherapy and immunotherapy; 4) without chronic inflammatory disease; 5) with normal hepatic and renal function; 6) underwent radical D2 gastrectomy; 7) with complete clinicopathological and follow-up data. The protocol for the research project has been approved by the Ethics Committee of Xijing Hospital and that it conforms to the provisions of the Declaration of Helsinki in 1995 (as revised in Edinburgh 2000). Written informed consent was obtained from all patients before surgery.

Clinicopathological Data {#S0002-S2002}
------------------------

All patients received proximal, distal or total gastrectomy with R0 resection and D2 lymphadenectomy. The resection procedure was performed on the basis of the Japanese Gastric Cancer Treatment Guidelines[@CIT0011] Preoperative data such as serum albumin level, age, gender and serum globulin level were recorded. Lymph node metastasis, tumor depth, differentiation status, tumor size and tumor location were collected on the basis of pathological examination. The UICC/AJCC TNM staging system, 7th edition, was used to identify the tumor stage. Patients received follow until November 2017.

The serum levels of albumin and globulin were analyzed using an automatic biochemical analyzer (Hitachi 7600, Japan), and the equation AGR= albumin/globulin was used to calculate the value of AGR. The optimal cut off values for the levels of albumin, globulin and AGR were calculated using the X-tile software (Version 3.6.1, Yale University School of Medicine, New Haven, CT, USA)[@CIT0012]

Statistical Analysis {#S0002-S2003}
--------------------

SPSS 22.0 for Windows (SPSS Inc., Chicago, IL, USA) was employed for data analysis. Chi-squared test or Fisher exact test was used to analyze discrete variables and differences among groups. Overall survival time was defined as the duration from the date when the surgery was performed to the date of death or the last follow-up. The log-rank test was used to compare the survival curves obtained through the method of Kaplan--Meier. Univariate analysis was used to identify prognostic risk factors and multivariate analysis was conducted using a Cox's proportional hazards regression model. Then, two multivariable models were built. The multivariable selection was based on goodness of fit as represented by the Akaike information criterion (AIC) with a backward procedure. The prognostic predictive accuracy of the variables or multivariable models was compared using the values of the concordance index (C-index) and the AIC was computed using the package Harrell Miscellaneous ([<http://CRAN.R-project.org/package=Hmisc>]{.ul}) in R software (version 3.6.0, [<http://www.R-project.org/>]{.ul}). A smaller AIC value and/or a larger C-index represented a greater predictive accuracy.[@CIT0013],[@CIT0014] A *P* value of 0.05 was considered as the threshold for statistical significance.

Results {#S0003}
=======

Patients' clinicopathological characterizations are summarized in [Table 1](#T0001){ref-type="table"}. There were 2531 males (77.5%) and 735 females (22.5%), with ages ranging from 20 to 90, and a median age of 58.0 years. The median levels of serum albumin and globulin were 42.8 g/L (range 20.8--55.0 g/L) and 24.5 g/L (range 10.7--40.2 g/L), respectively. The median value of AGR was 1.74 (range 0.79--3.62). The optimal cut off values calculated by X-tile software for albumin, globulin and AGR were 42.0, 28.2 and 1.80, respectively ([Figure 1](#F0001){ref-type="fig"}).Table 1Clinicopathological Features Of Gastric Cancer PatientsParameterNo. Of PatientsPercentGender Male253177.5 Female73522.5Age (years) ≤60194059.4 \>60132640.6Tumor site Upper100130.6 Middle54016.5 Lower146744.9 Two-thirds or more2587.9Tumor size (cm) ≤5227069.5 \>599630.5Differentiation status Well35911.0 Moderately83725.6 Poorly190558.3 Signet ring cell or mucinous1655.1T category T162719.2 T251115.6 T3120136.8 T492728.4N stage N0118636.3 N163419.4 N255617.0 N389027.3TNM stage I82725.3 II97129.7 III146844.9Tests Albumin42.8 (20.8--55.0) Globulin24.5 (10.7--40.2) AGR1.74 (0.79--3.62) Figure 1Calculation of cut off value of albumin, globulin and AGR by X-tile software.

The associations of albumin and AGR with gastric cancer patients' clinicopathological characterizations are summarized in [Table 2](#T0002){ref-type="table"}. Results showed that individuals within the high albumin group presented younger age, smaller tumor sizes and earlier T and N stages in comparison to the low albumin group. Additionally, patients in the high AGR group presented younger age, male gender, smaller tumor sizes and earlier T and N stages.Table 2Clinicopathological Features Of Patients Stratified By Preoperative Albumin And AGR LevelsParameterAlbumin*P*-ValueAGR*P*-ValueLowHighLowHighGender0.2650.000 Male1088 (78.4%)1443 (76.8%)1367 (73.9%)1164 (82.1%) Female299 (21.6%)436 (23.2%)482 (26.1%)253 (17.9%)Age (years)0.0000.000 ≤60710 (51.2%)1230 (65.5%)984 (53.2%)956 (67.5%) \>60677 (48.8%)649 (34.5%)865 (46.8%)461 (32.5%)Tumor site0.5590.013 Upper436 (31.4%)565 (30.1%)606 (32.8%)395 (27.9%) Middle223 (16.1%)317 (16.9%)290 (15.7%)250 (17.6%) Lower611 (44.1%)856 (45.6%)802 (43.4%)665 (46.9%) Two-thirds or more117 (8.4%)141 (7.5%)151 (8.2%)107 (7.6%)Tumor size (cm)0.0000.000 ≤5867 (62.5%)1403 (74.7%)1224 (66.2%)1046 (73.8%) \>5520 (37.5%)476 (25.3%)625 (33.8%)371 (26.2%)Differentiation status0.0000.055 Well130 (9.4%)229 (12.2%)199 (10.8%)160 (11.3%) Moderately392 (28.3%)445 (23.7%)502 (27.1%)335 (23.6%) Poorly776 (55.9%)1129 (60.1%)1047 (56.6%)858 (60.6%) Signet ring cell or mucinous89 (6.4%)76 (4.0%)101 (5.5%)64 (4.5%)T category0.0000.000 T1161 (11.6%)466 (24.8%)287 (15.5%)340 (24.0%) T2253 (18.2%)258 (13.7%)307 (16.6%)204 (14.4%) T3635 (45.8%)566 (30.1%)769 (41.6%)432 (30.5%) T4338 (24.4%)589 (31.3%)486 (26.3%)441 (31.1%)N stage0.0020.017 N0460 (33.2%)726 (38.6%)629 (34.0%)557 (39.3%) N1304 (21.9%)330 (17.6%)375 (20.3%)259 (18.3%) N2244 (17.6%)312 (16.6%)331 (17.9%)225 (15.9%) N3379 (27.3%)511 (27.2%)514 (27.8%)376 (26.5%)TNM stage0.0000.000 I276 (19.9%)551 (29.3%)407 (22.0%)420 (29.6%) II476 (34.3%)495 (26.3%)589 (31.9%)382 (27.0%) III635 (45.8%)833 (44.3%)853 (46.1%)615 (43.4%)

Then, the prognostic predictive ability of variables was analyzed. Univariate analysis displayed that both albumin level and AGR value were significantly associated with survival, but globulin level was not ([Table 3](#T0003){ref-type="table"}). In addition, the albumin level represented a higher prognostic predictive accuracy than AGR (C-index: 0.54089 vs 0.52747; AIC: 18,409.45 vs 18,426.49, *P*\<0.001). The overall survival time of patients stratified by different levels of albumin and AGR was exhibited in [Figures 2](#F0002){ref-type="fig"} and [3](#F0003){ref-type="fig"}.Table 3Univariate Analysis Of Overall Survival In Gastric CancerCharacteristicsUnivariate AnalysisC-IndexAICβHR (95% CI)*P*-ValueGender0.0781.081 (0.946--1.236)0.2520.5049918,438.66 Age0.2911.338 (1.195--1.499)0.0000.5394318,414.84 Tumor site−0.0380.963 (0.909--1.020)0.1990.5060918,438.3 Tumor size0.9672.630 (2.347--2.948)0.0000.6143918,178.46Differentiation status0.4201.522 (1.406--1.649)0.0000.5851018,325.06 T category0.7562.130 (1.990--2.280)0.0000.6914717,851.28 N stage0.7002.014 (1.912--2.122)0.0000.7249017,655.55 Albumin−0.3200.726 (0.648--0.813)0.0000.5408918,409.45 Globulin−0.1080.898 (0.771--1.046)0.1660.5067918,437.99 AGR−0.2160.806 (0.718--0.905)0.0000.5274718,426.49[^2] Figure 2Overall survival of gastric cancer patients stratified by different values of albumin.Figure 3Overall survival of gastric cancer patients stratified by different values of AGR.

To eliminate bias, the study utilized two multivariable models ([Table 4](#T0004){ref-type="table"}). Model albumin was built on the basis of differentiation status, tumor size, age, N stage, T category and albumin level. Model AGR was built on the basis of age, tumor size, differentiation status, T category, N stage and AGR value. The albumin level and AGR value were independent prognostic risk factor in each model, respectively. The results showed that the model albumin revealed a superior predictive value than the model AGR (C-index: 0.76369 vs 0.76158; AIC: 17,423.14 vs 17,437.16, *P*\<0.001).Table 4Multivariate Models For Predicting Overall Survival In Gastric CancerCharacteristicsModel AlbuminModel AGRβHR (95% CI)*P*-ValueβHR (95% CI)*P*-ValueAge0.3121.366 (1.217--1.534)0.0000.3301.390 (1.238--1.561)0.000Tumor size0.2781.321 (1.170--1.491)0.0000.3051.356 (1.202--1.530)0.000Differentiation status0.0761.079 (0.986--1.181)0.0970.0781.081 (0.988--1.182)0.090T category0.4281.535 (1.417--1.662)0.0000.4201.522 (1.407--1.648)0.000N stage0.5151.673 (1.577--1.776)0.0000.5101.665 (1.569--1.768)0.000Albumin−0.2530.777 (0.692--0.872)0.000------AGR------−0.1190.888 (0.789--0.999)0.048C-index0.763690.76158AIC17,423.1417,437.46[^3]

Discussion {#S0004}
==========

As is known that chronic inflammation plays decisive roles at different stages of tumor development, including initiation, promotion, malignant conversion, invasion and metastasis.[@CIT0015] Therefore, the inflammation-related markers such as the modified Glasgow Prognostic Score[@CIT0004] neutrophil--lymphocytes ratio[@CIT0006] and platelet--lymphocytes ratio[@CIT0005] have been wildly explored in GC. Recently, the preoperative AGR was proposed as a useful predictive factor in GC based on its reflection of both nutrition status and system inflammation. Previous studies associated with GC have always focused on the prognostic value of AGR; however, the predictive accuracy of which has not been evaluated. Within this investigation, we did find that preoperative AGR value was an independent prognostic factor in gastric cancer. But further analysis showed that AGR did not show any superiority to albumin in predictive accuracy and prognostic discriminatory ability.

As a major element of serum protein produced by the liver, albumin plays a significant part in the maintenance of the plasma osmotic pressure and material transport.[@CIT0016] It is not only a window into the nutrition condition of the body but also a mirror of the level of inflammation, both of which could form a vicious cycle and contribute to tumor development[@CIT0017] This is so far a number of reasons. Firstly, compared with patients at early stages, advanced gastric cancer patients are at a higher risk of malnutrition and cachexia.[@CIT0018] Secondly, cytokines induced by the tumor microenvironment (such as tumor necrosis factor-alpha, interleukin-6 and interleukin-1) could suppress the synthesis of albumin in the liver and increase vascular permeability, which leads to an increased albumin level in interstitial fluid and a decreased albumin level in serum.[@CIT0019] Thirdly, serum albumin has an antioxidant function against carcinogenesis and helps to maintain the stabilization of DNA replication and cell growth.[@CIT0020] What is more, low serum albumin level could impair the body's natural defense mechanisms, including homeostasis of calcium and steroid hormone, anatomic barriers, as well as the distribution and pharmacological activities of anti-cancer drugs.[@CIT0021] A series of studies have shown that the lower level of serum albumin was related to worse survival in gastric cancer,[@CIT0017],[@CIT0022],[@CIT0023] which is consistent with this study's findings.

The predictive role of globulin level in gastric cancer has been under debate. Globulin is produced by immune system organs and presents complex components, such as acute phase proteins, complement components, interleukins and immunoglobulins.[@CIT0024] Changes in serum globulins are reflective of both immunity and inflammation status,[@CIT0025] which have opposing effects on tumor progression. Thus, it is hard to determine which components prevail or change more when the level of serum globulin changes. As a result, it is hard to evaluate the predictive role of globulin level in gastric cancer. Up till now, no association has been found between the level of serum globulin and prognosis of gastric cancer,[@CIT0007],[@CIT0012],[@CIT0026],[@CIT0027] including in the present study.

The predictive value of preoperative AGR has been widely explored in gastric cancer. In a study consisting of 862 gastric cancer patients at all stages (stage I--IV), Mao et al found that low AGR value was correlated with worse survival.[@CIT0028] In four additional studies on gastric cancer patients with stage I--III who received curative surgery, it was also demonstrated that preoperative AGR was a significant prognostic indicator for gastric cancer patients.[@CIT0012],[@CIT0025]--[@CIT0027] Additionally, Bozkaya et al discovered that AGR was a significant prognostic factor in metastatic gastric cancer patients.[@CIT0029] But the optimal cut off points of AGR vary a lot, ranging from 1.20 to 1.93. Our study obtained the similar result with the best cut off value of AGR being 1.80. More significantly, for the first time, this study assessed the predictive accuracy among albumin, globulin and AGR, and demonstrated that the combination of albumin and globulin did not show any superiority to solely albumin in prognostic discriminatory ability and predictive accuracy. Moreover, since there is no unified optimal cut off value for AGR, it is also impractical in clinical practice. Consequently, we think that it is unnecessary to utilize AGR to predict the prognosis of gastric cancer.

Many limitations constrain this study. Firstly, only retrospective analysis was applied focusing on a single center. Secondly, there are currently still no unified methods to determine the cut off value of AGR. Although many techniques have been proven effective to evaluate the cut off value, including the receiver operating characteristic curve, median value and the software X-tile, different statistical techniques might obtain different cut off points.

In conclusion, although the level of preoperative albumin and AGR value were both significantly related to the prognosis of gastric cancer patients, albumin level is superior to AGR in the prediction of outcomes of gastric cancer.
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